Food samples (n 114) were prepared from vegetables commonly eaten in Europe. The glycosidic forms of the phyto-oestrogens daidzein and genistein were extracted from the dried foods into aqueous methanol. The isoflavones were quantified by GC±MS after hydrolytic removal of any conjugated carbohydrate. Completeness of extraction and any procedural losses of the isoflavones were accounted for using synthetic daidzin (7-O-glucosyl-4
Phyto-oestrogens are a diverse group of naturally derived compounds that bear a structural resemblance to 17b-oestradiol (E 2 ) and which may protect against a wide range of conditions including breast, prostate, bowel and other forms of cancer, cardiovascular disease, osteoporosis and menopausal symptoms (Messina et al. 1994; Adlercreutz & Mazur, 1997; Brzezinski et al. 1997; Kurzer & Xu 1997; Bingham et al. 1998; Murkies et al. 1998) . One of the proposed mechanisms for protection against these conditions is through their interaction with the oestrogen receptor (ER) and the subsequent perturbation of mechanisms controlled by E 2 . Two oestrogen receptors (ERa and ERb) have been identified in human subjects . The concentration of these receptors differs between tissues (Enmark et al. 1997) and possibly differs at the point of cell differentiation (Arts et al. 1997) . The effect of phyto-oestrogens bound to ER remains to be elucidated. In vitro, physiological concentrations of phytooestrogens have been shown to act both agonistically (Kuiper et al. 1998) and antagonistically (Barkhem et al. 1998) to the E 2 -mediated transactivation of both ERa and ERb.
The health effects of phyto-oestrogens are, however, far more wide ranging than can be explained by interactions with ER. Genistein has been shown to be a potent protein tyrosine kinase inhibitor (Akiyama et al. 1987) . Since that discovery, work on cell lines devoid of ER has revealed that phyto-oestrogens affect DNA topoisomerase II and ribosomal S6 kinase, which could explain their observed effects on cell cycle, differentiation, proliferation and apoptosis (Kurzer & Xu, 1997) . Phyto-oestrogens have also been proposed to offer antioxidant protection both directly (Ruiz Larrea et al. 1997) and indirectly by increasing the activity of antioxidant enzymes (Wei et al. 1995) .
Soyabeans are a rich source of daidzein and genistein (Reinli & Block, 1996) , containing milligram quantities per g food. The isoflavones occur naturally in food as a variety of carbohydrate conjugates; three different glycosides have been identified in soyabean, all linked to C-7 of the isoflavone (Reinli & Block, 1996) . It is possible that many other different carbohydrate conjugates of isoflavones exist, but these have yet to be identified. Both daidzein and genistein have hydroxyl groups other than that on C-7 to which the known monosaccharides or other saccharides could glycosidically bond. An analogous compound that could be considered is quercetin, a flavone found in tea, onions and other plants. A wide variety of glycosides of this compound have been identified, including a tetraglycoside (Manguro et al. 1996) . Phyto-oestrogens such as daidzein and genistein are formed only after removal of their conjugated carbohydrate by bacteria in the gut (Chang & Nair, 1995) . Quantification of all the possible glycosides of these compounds would be time-consuming, even if authentic reference standards were available for comparison. The quantitative analysis is simplified by hydrolytically removing the carbohydrate and assaying only the aglycone compounds. A method of analysis using hydrolytic enzymes (cellulase) from Aspergillus niger with quantification via GC±MS was developed in this laboratory . The concentration of daidzein and genistein in foodstuffs reported in the present paper can be used in future studies to assess the dietary intake of these compounds and their impact on health in epidemiological studies.
Materials and methods

Collection and preparation of food samples
Representative examples of each food were obtained by purchasing five samples of each food from different sources in the Cambridge area, typically two market stalls and three supermarkets. The food was weighed and any inedible matter was removed, weighed and discarded. If the food was normally eaten raw, each sample was placed in separate sealed plastic bags and frozen at 2208C on the day of purchase for later freeze-drying. Freeze-drying typically took 1 week or more; thereafter the samples were weighed, milled with a kitchen grinder (model BL350; Kenwood Ltd, Havant, Hants., UK) and stored in separate airtight jars. The samples were desiccated further before assay. If the food was normally eaten cooked, each prepared sample was divided into half and half was prepared as described for the raw food samples. The remaining half of each sample was finely chopped and pooled with the other four samples. The foods were boiled for a defined time, drained, frozen and freeze-dried in the same manner as the raw foods. After freeze-drying the food samples were stored in the dark in airtight glass jars and assayed for isoflavones within 4 months.
Quantification of daidzein and genistein in food
The protocol for the extraction of daidzein and genistein from food and their subsequent quantification has been published elsewhere ). The present paper contains only a brief description of the assay method, including any slight modifications used for the assay of the foods.
All enzymes, reagents and chemicals were purchased from Sigma/Aldrich, Poole, Dorset, UK, unless otherwise stated. In order to inhibit losses of target compounds by adsorption, all glassware was silanised in a solution of dimethyldichlorosilane in heptane (1:20 ratio, v/v), followed by deactivation of excess reagent in methylated spirits and oven drying (1208C).
A pooled example of each raw food type was prepared for assay by weighing 0´5 g of each of the five freeze-dried samples into a single 20 ml screw-cap test-tube (2´5 g in total). As the cooked foods had been pooled at an earlier stage, 1 g of the freeze-dried product was weighed into a similar tube. Five replicates of each of these pooled foods were prepared, one of which was assayed in advance of the other samples without internal standards to assess the approximate daidzein and genistein content. As reported elsewhere , the synthetic glucosides daidzin (7-O-glucosyl-4 H -hydroxyisoflavone) and genistin (7-O-glucosyl-4
H 5-dihydroxyisoflavone), both purchased from Plantech, Reading, Berks., UK, were used as the internal standards added to two of the replicates of each food type. The level of the standard was calculated to deliver the same concentration of daidzein and genistein as was already in the food. The two remaining replicate samples, containing no internal standard, were assayed as sample blanks. The difference in the average isoflavone concentration of the two samples containing standards and the sample blanks was used to calculate the recovery of the internal standards.
The isoflavone glycosides present in both the food and the internal standard were dissolved in at least 10 ml aqueous methanol (4:1 ratio, v/v), using sonication for 15 min to break up cellular material, followed by overnight soaking in the solvent. Insoluble material was filtered off through a double layer of filter paper (Whatman no. 4 on top of Whatman no. 1), and any adsorbed isoflavones were washed through with fresh aqueous methanol (4:1, v/v; .5 ml). The alcohol in the filtrate was removed by evaporation under N 2 to leave an aqueous extract, to which was added 5 ml 0´1 M-acetate buffer, pH 5, containing 100 units cellulase (Aspergillus niger; units as defined by Sigma, Poole, Dorset, UK). The mixture was incubated overnight at 378C to remove the carbohydrate component of the isoflavone glycosides hydrolytically. The aglycone isoflavones were extracted from the aqueous hydrolysis solution by partitioning into ethyl acetate; three 2 ml washes of ethyl acetate were combined. 2 ml of the total was placed in a separate vial, and the solvent was evaporated under N 2 .
The dried extracts were derivatised by adding 0´6 ml pyridine followed by 0´4 ml N-(tert-butyldimethylsilyl)-N-methyltrifluoro-acetamide containing 1 % (v/v) N-(tert-butyldimethylsilyl)-chloride. After 1 h at room temperature, 3 ml of the sample was injected onto the capillary column of the GC±MS (MD800; Thermoquest Ltd, Hemel Hempstead, Herts., UK). The GC±MS conditions used are described elsewhere ).
Calculation of isoflavone quantities in food
The daidzein and genistein concentration of each extracted sample was determined by comparison with pure authentic reference standards (Apin Chemicals Ltd, Abingdon, Oxon., UK), run simultaneously on the GC±MS. The recovery of the internal standards was used both to assess the completeness of the extraction protocol and to adjust the concentration of isoflavones found to be in the food to account for any procedural losses. If the recovery of the internal standards fell below 70 % the assay procedure was repeated. The standard error of the mean was calculated from the assay initially employed to determine the concentration of internal standards, and the average of the two subsequent assays of samples which contained no internal standard performed on another day. Wet-weight concentrations of daidzein and genistein were calculated from the DM content of the food and the assayed dryweight concentration.
Results
Of the 114 assayed foods reported in the present paper, sixty-six contained measurable quantities of daidzein or genistein. Table 1 illustrates the daidzein and genistein content of vegetables and vegetable products (on both a dry weight and wet weight basis). The individual foods are listed in the order of their codes in the supplements to McCance and Widdowson's Composition of Foods (Holland et al. 1991) . Table 1 includes the percentage recovery of the internal standards assayed with the samples; recoveries ranged from 70 to 109 %.
The results indicate that daidzein and genistein were found in a broad concentration range across a wide variety of vegetables. Fig. 1 compares the combined concentration of daidzein and genistein in the foods that contained these isoflavones. Three groups were evident. Foods derived from soyabean contained by far the highest concentration, 5 Â 10 5 ±14 Â 10 5 mg daidzein and genistein/kg wet weight of food. The concentration observed in cooked soyabeans was two orders of magnitude higher than that in the nextrichest food (raw mung beansprouts; 6 Â 10 3 mgakgX Mung beansprouts form part of the legume group highlighted in Fig. 1 , which contained 2±6 Â 10 3 mg daidzein and genistein/kg wet weight of food. The legume group, overall, contained more daidzein and genistein than the third group highlighted in Fig. 1 (other vegetables) , but their concentration ranges overlapped, with the latter group containing up to 8 mg/kg.
Cooking by boiling in water generally caused a decrease in the combined daidzein and genistein concentration (on a wet weight basis); however, in four foods, cooking increased these levels. The increase in these four foods is, however, relatively small and could be accounted for by experimental error. Of the twenty-four foods in which cooking decreased the daidzein and genistein concentration, nine lost at least 75 % of the raw-weight value. Five contained very low amounts in the raw state and no isoflavone was detected after cooking. The remaining four foods that lost more than 75 % of their daidzein and genistein on cooking were all dried legumes, soaked overnight in water before cooking. However, the cookingloss factors appear to be variable, as four other dried legumes, soaked overnight in water before cooking, retained more than 25 % of the isoflavones (soyabeans 33 %, red kidney beans 55 %, haricot beans 65 % and dried peas 84 %). Dec 97  79  82  74  25  59  7  0´308  22´8  18´2  41´0  13-384  Tomato, raw  Aug 97  72  80  nd  480  31  0´068  nd  32´5  32´5  13-389  Turnip, raw  Mar 98  91  79  165  15  47  3  0´091  15´0  4´3  19´3  13-391  Turnip, cooked  Mar 98  77  87  94  9  72  78  0´077  7´3  5´6  12´9  13-396  Salad cress  Oct 97  nd  nd  nd  nd  13-396  Watercress  Nov 97  nd  nd genistein reported here with concentrations for the same foods published by other authors. The results in Table 2 largely concur with published values; however, those for mung beansprouts and green split peas differ from those of Franke et al. (1994) , but concur with those reported by other researchers (Adlercreutz & Mazur 1997; Mazur et al. 1998 ).
Discussion
The foods selected for the present study were chosen because they are staple ingredients of the UK diet. To date, the study of the dietary intakes of daidzein and genistein has been restricted mainly to soyabean products and other legumes. These foods, however, form only a small part of the`Western diet', and in order to assess fully the dietary impact of phyto-oestrogens on the health of a population it is necessary to know their concentrations in other foods. The data reported here are not intended to provide a definitive phyto-oestrogen concentration for a given food, since natural variation could be considerable, as in soyabean (Wang & Murphy, 1994; Reinli & Block, 1996; Gang et al. 1997; Lers et al. 1998; Mazur et al. 1998) . The concentrations reported here are derived from pooled samples of each food. No attempt has been made to measure the variation in concentration within the pooled samples, due to the extensive work necessary to obtain such data. The analytical method employed for the quantification of daidzein and genistein in food was developed using a varied mixture of bleached white wheat flour and soyabean flour of known isoflavone content ). The soyabean flour had been analysed independently without hydrolysis, in such a way that the percentages of the three main known glycosides and the aglycone in soyabean flour were known (glucose 45, malonyl-glucose 23, acetyl-glucose 30, aglycone 2). The same soyabean flour was used as a reference material to ensure the quality of the assay procedure over time, using the recommendations made by Thompson & Wood (1995) . To ensure that the assayed concentration reflected the actual content of the food, the completeness of hydrolysis and yield of aglycone isoflavones from each food was checked by the inclusion of glycosidic internal standards, at an aglycone concentration equal to that already present in the food. The recovery of the internal standards was used to normalise the results for different losses of the target compounds between assays, provided that the recovery of the internal standards was greater than 70 %; if the recovery was less than this amount, the results were rejected and the assay repeated.
The assay procedure employed for the present study could have been improved if other synthetic glycosidic conjugates of daidzein and genistein had been included with each food, together with the daidzin and genistin. Inclusion of such a variety of carbohydrate conjugates would give greater insight into the completeness of hydrolysis of each glycoside by cellulase. The assay used here relies on the assumption that all glycosides of daidzein and genistein are hydrolysed as completely as the synthetic daidzin and genistin added to each food. For the known carbohydrate conjugates present in soyabean (glucose, malonyl-glucose and acetyl-glucose) the assumption is valid. The hydrolytic assay procedure used here returned a total concentration of daidzein and genistein in soyabean equivalent to the sum of the three glucosides assayed independently .
The foods collected for the present study could have been assayed using a non-glycolytic preparative procedure and quantification of the three known glycosides of daidzein and genistein. Such an approach would have been appropriate had the foods been of soyabean origin, where those glycosides were probably the predominant forms. However, the foods used here were not largely of soyabean origin, and the nature of the carbohydrate conjugated to the isoflavones was unknown. In foods where the predominant carbohydrate conjugate was not one of the three found in soyabean, quantification of just the three known glycosides would have underestimated their total daidzein and genistein content. It was, therefore, logical to employ an assay with a glycolytic step, to liberate the aglycone daidzein and genistein from all glycosides present in a food and to report the total content of each food. However, if some of these glycosides were not hydrolysed as completely as the synthetic daidzein and genistein that were added to each food, then the total concentrations may be underestimates. At present, however, lack of understanding of the nature of the glycosides and of the effect of the matrix on hydrolysis prevents further resolution of this problem.
The analytical data presented in Table 1 indicate that there are a number of possible sources of dietary daidzein and genistein, and that many and varied components of the nd, not detected; tr, isoflavone were identified but could not be quantified; ww, wet weight. * Concentrations expressed on a dry weight basis, unless otherwise indicated. ² Mazur et al. (1998) . ³ Reinli & Block (1996) . § Adlercreutz & Mazur (1997) . k Franke et al. (1994) .
human diet contain phyto-oestrogens. The richest sources are of soyabean origin, with concentrations two orders of magnitude higher than those in the next-richest grouping, the legumes. The legumes contain a wide concentration range of the isoflavones, overlapping that of other vegetables. The findings of the present study thus support those of previous studies illustrating the daidzein and genistein content of leguminous samples (Mazur et al. 1998) .
The concentrations of daidzein and genistein in a limited number of other foods are compared with other published values in Table 2 . Slight differences in concentration are probably due to natural variation, possibly compounded by differences in the techniques used for quantification. However, for the majority of the foods indicated in Table  2 , the results presented here compare well with those published elsewhere. Two exceptions are mung beansprouts and green split peas: the results we report for green split peas agree with those of Adlercreutz & Mazur (1997) and of Mazur et al. (1998) , who (like ourselves) used a GC±MS-based method of quantification; however, our results differ from those reported by Franke et al. (1994) , who used HPLC combined with spectrophotometry. In the absence of a common reference material it is not known whether the high concentration of daidzein found in green split peas by Franke et al. (1994) is due to a genuine difference in the material tested. The difference in isoflavone concentration between mung beans and mung beansprouts in Table 1 seems to indicate that major changes may occur during sprouting. This factor might explain the difference between laboratories in concentrations of the isoflavones (Table 2) .
A number of studies have been undertaken to investigate the concentration of daidzein and genistein in biological samples. Table 3 illustrates urine and faecal excretion of isoflavones in five studies of free-living individuals and in two studies where the diet was controlled. In the study by Karr et al. (1997) , the subjects were supplied for 9 d with a soyabean-free diet; in the investigation by Kelly et al. (1995) , individuals were asked to avoid legumes for 1 week before the study. The results of the studies illustrated in Table 3 support the findings, outlined in Table 1 , that dietary sources of daidzein and genistein, other than soyabean, exist. The presence of daidzein and genistein in the plasma and prostatic fluid of free-living individuals from Australia (Morton et al. 1994) , Portugal and the UK (Morton et al. 1997a,b) would also support such findings. The plasma or urine concentrations of daidzein and genistein populations regularly consuming soyabean as part of their normal diet are, however, considerably greater (Dalais et al. 1998; Maskarinec et al. 1998; Seow et al. 1998) .
The present paper has concentrated on quantifying two phyto-oestrogens in a selection of foods eaten in Europe, for inclusion in databases of food composition. In this respect, identification of foods that contain no daidzein and genistein is equally important. Future research should include quantification of other phyto-oestrogens, in the foods listed here and also in other foods.
